Higher protein intake during the first year of life is associated with increased weight gain velocity and body mass index (BMI). However, the relationship of protein intake and weight gain velocity with body composition is unclear. OBJECTIVE: To assess if the increases in weight gain velocity and BMI induced by protein intake early in life are related to an increase in fat or fat-free mass.
INTRODUCTION
Nutritional factors such as diet and early growth in infancy seem to modulate later risk of obesity. 1, 2 Rapid weight gain in infancy has been consistently associated with increased body mass index (BMI) and obesity risk in childhood, 3 adolescence 4 and adulthood. 5 Weight gain velocity during the first 6 months of life has been associated not only with a higher BMI, but has been correlated to fat mass (FM), waist circumference and trunk FM later in childhood. 6 Systematic reviews and meta-analyses have shown that formula-fed infants are more likely to become obese in childhood and later in life than breastfed (BF) infants. 7 --10 The higher protein concentration in infant formula than in human milk has been suggested to be a key factor for this increased risk. 9, 11 In fact, protein intake has been directly associated with weight gain velocity. 12 The Childhood Obesity Project has recently demonstrated that a higher protein content formula (HP) during the first year of life leads to an increased BMI at 6, 12 and 24 months of life, compared with infants fed with a lower protein content formula (LP). 13, 14 Although a relation between protein intake early in life and later BMI has been established in observational studies, there is no conclusive evidence showing a relationship between protein intake and body composition. This might be of crucial relevance, given that both FM and fat-free mass contribute to BMI, but may have completely different effects on later health and metabolic disorders. 15 While adiposity in childhood is related to insulin resistance in adulthood, 16 lean mass has an important role on insulin-mediated glucose uptake 17 and basal metabolic rate. 18 Therefore, both adipose and lean tissues may be key factors for later cardiovascular risk. 15, 19 Precise assessment of body composition in infants is still a challenge, since most of the accessible methods have poor accuracy (for example, anthropometry and bioimpedance). 20 A two-component model is recommended when the aim is to quantify fat and fat-free mass with more accuracy than that allowed by the simplest methods. 20 One of the most precise twocomponent models to assess body composition is stable isotope dilution, which has been validated in infants. 21 The aim of this report is to assess if the increases in weight gain velocity and BMI induced by protein intake early in life are related to an increase in FM or fat-free mass.
MATERIALS AND METHODS Design
The EU Childhood Obesity Project is an ongoing European collaborative prospective investigation into the long-term consequences of early protein in five European countries (Belgium, Germany, Italy, Poland and Spain). Details of the study have been published previously. 13 Briefly, in a doubleblind randomized intervention trial, two groups of healthy formula-fed infants were recruited during the first 8 weeks of life (median age ¼ 14 days) and compared: one group fed by a LP (1.25 g per 100 ml and 1.6 g per 100 ml in infant and follow-on formulas, respectively) and the other group fed by a HP (2.05 g per 100 ml and 3.2 g per 100 ml in infant and follow-on formulas, respectively). Protein concentrations of formulas were consistent with the upper and lower limits of the normative ranges. 22 Both LP and HP formulas provided the same energy content. More details about the composition of each formula has been published elsewhere. 13 Additionally, an observational group of BF infants was included as a reference.
Study population
Eighty infants from the EU Childhood Obesity Programme sample (30 LP, 22 HP and 28 BF), 37 from Germany and 43 from Spain, were selected by recruitment order from 522 eligible subjects when they were 6 months old and were invited to participate in this study (between May 2003 and June 2004).
Study procedures
Weight (kg) and length (cm) were measured at birth, 6, 12 and 24 months using a SECA 336 digital scale (Hamburg, Germany) (precision 10 g) and a SECA 232 statiometer (Hamburg, Germany) (precision 1 mm). BMI (kg m --2 ), weight-for-length (kg cm --1 ), weight gain velocity (g per month) ((body weight at 6 months (g) --body weight at baseline (g)) per 6 months) and length gain velocity ((body length at 6 months (cm) --body length at baseline (cm)) per 6 months) were calculated. Weight, length, weight-forlength and BMI were expressed as z-scores related to the World Health Organization (WHO) standards. 23 Total body water (TBW) was measured by back-extrapolation of the semi-logarithmic disappearance curve following a bolus of orally administered doubly labelled water O enrichments at time zero were used to calculate TBW. A hydration factor of 79.7% was used for calculation of lean mass and FM was determined as the differential between body weight and lean tissue. The data were obtained as part of a doubly labelled water protocol for the measurement of total energy expenditure, the full analysis of which will be reported elsewhere. The parents were instructed in the collection of urine from their child either in plastic urine-collection bags or by placing cotton wool balls in the child's clean diaper. When soaked in urine, the balls were removed and placed in the barrel of a clean dry 20 ml syringe. The plunger was then replaced and the urine was expressed into a sample tube.
A baseline (pre-dose) sample was obtained by the parents on the morning of the clinic visit when the dose was then given (day 1). The dose was prepared by the clinic nurse by adding a 14.5-ml aliquot from a batch of enriched water containing 2 H 2 O (90 mg ml --1 ) and 10% H 2 18 O (200 mg ml --1 ) to either 5 g of water or fruit juice or 15 g ready-made formula milk at the parents' choice. A 1-ml aliquot of the prepared dosing solution was then retained for exact isotopic determination.
At the clinic visit, the successful collection of the baseline sample was confirmed, if not one obtained before any procedure was undertaken. The infant was then weighed naked, and the dose administered either from an infant feeding bottle or via a syringe if the infant was not used to drink from a bottle. The exact amount of dose given was determined by weighing the vessel before and after dose administration.
The parents were supplied with sample collection forms, further materials for urine collection (pre-labelled sample tubes, bags or cotton wool balls and syringes) and instructed to collect a single sample of urine from the infant on each of the following 7 days, noting the date and times of each collection. The samples were refrigerated until the end of the collection period when the parents and child returned to the clinic and the infant weighed again.
Complete sets of urine samples were frozen for shipment on dry ice to MRC Human Nutrition Research (Cambridge, UK) for isotopic analysis by isotope ratio mass spectrometry. 2 H analysis was performed using equilibration with hydrogen gas over a platinum catalyst using an Isoprep system (Micromass Ltd, Manchester, UK) coupled to a Sira 10 dual inlet mass spectrometer (VG Isogas Ltd, Middlewich, Cheshire, UK). 18 O enrichment was determined by equilibration with CO 2 gas followed by analysis by continuous flow isotope ratio mass spectrometry (AP 2003, Analytical Precision Ltd, Northwich, Cheshire, UK). Each batch of postdosing urine samples were analysed together with their corresponding basal sample, a gravimetrically diluted sample of the dosing solution and a number of internal standards traceable to the primary reference materials PDB, VSMOW2 and SLAP2 (IAEA, Vienna, Austria). All measured isotope ratios, 2 H/ 1 H and 18 O/ 16 O were normalized to the SMOW/SLAP scale using the internal standards. In the case of the 18 O determinations, the isotope ratios were first expressed relative to PDB for Craig correction 24 before normalization to the SMOW/SLAP scale.
At each time point, the enrichment in the infant's body water normalized to the dose given (D) was calculated via
where d(t) is the measured d value for each post-dose sample, dp that of the pre-dose, dT that of tap water and dd that of a sample of the diluted dose obtained by adding d grams to T grams of tap water. From these, the distribution volumes for the two isotopes (N H and N O ) were obtained using the method of Cole and Coward, 25 which allows for covariance in the isotope data. Finally, the TBW was obtained from a weighted average of the distribution volumes for each isotope
The factors 1.04 and 1.01 are introduced to correct for overestimation of TBW by dilution space due to exchange with non-aqueous species. 26 Fatfree mass was obtained from TBW by assuming a hydration factor of 79.7%, which is appropriate for children of this age. 27 Body composition main outcome measures were TFM (total FM) (kg), fat-free mass (FFM) (kg), FM index (FMI) calculated as total FM/squared body length (kg m --2 ) and fat-free mass index (FFMI) calculated as fat-free mass/squared body length (kg m --2 ). Additionally, gender FM z-scores and fat-free mass z-scores (FFM z-scores) were calculated based on Butte et al. 28 These z-scores make values comparable to other studies and are adjusted for gender. 28 Maternal characteristics such as age at delivery, education level 29 and maternal and paternal BMI were analysed as confounding factors.
Statistical analysis
Data management and statistical analyses were carried out with the software package SPSS Statistics version 17.0 (Chicago, IL, USA). Z-scores for anthropometry variables were calculated using WHO Anthro software for PC. Descriptive results were expressed as mean values and s.d. for continuous variables. Unadjusted mean differences between feeding groups were assessed by Student's t-tests, after assessing normal distribution of variables. Pearson or Spearman correlations were applied to assess linear associations between body composition and anthropometrical parameters. Linear regression analyses were performed to assess the effect of weight gain velocity on FM, and from those variables on BMI at 6, 12 and 24 months, adjusting by potential confounders as infant's birth weight, maternal education level and parental BMI. Statistical significance was accepted at Po0.05. The statistical power was calculated a posteriori with a confidence interval of 95% with our final sample size.
Ethical considerations
The study was performed according to the Helsinki II declaration and approved by the local ethical committees. All parents or caregivers of the participant infants provided written informed consent to the study.
RESULTS

Study sample
From the 80 initial infants (52 in the intervention groups and 28 in the observation group), 13 were excluded for not complying properly with the isotope dilution protocol. In addition, one child from the HP group was excluded for a diagnosis of a severe illness influencing growth (Figure 1 ). After exclusions, the present analyses included a total of 66 subjects, 17 (9 boys) fed with the higher protein formula, 24 (10 boys) fed with the lower protein formula and 25 (15 boys) who were BF.
Basal comparison between formula groups showed no statistically significant differences between formula groups in the distribution of genders. Comparison of mother characteristics as maternal age at delivery and education level did not differ between formula groups. Comparison of mothers of BF infants with mothers of formula-fed infants did not indicate significant differences for maternal age at delivery; education level among mothers of BF infants was higher than among mothers of formulafed infants (Po0.05) (data not shown).
Infant's anthropometry at baseline (median age ¼ 2 days (interquartile range ¼ 1, 7)) showed no significant difference between feeding groups in any of the parameters (Table 1) .
Effect of feeding on growth parameters
The anthropometric evaluation at 6 months showed a significantly higher weight, weight-for-length and BMI in the HP group as compared with the LP group (Table 1) . There were no significant differences between formula-fed groups in relation to body length. BF infants did not differ from LP infants in any of the anthropometrical parameters at 6 months but showed significant lower values than HP children for weight, weight-for-length and BMI (Table 1) .
Weight gain velocity from baseline to 6 months was significantly higher among HP infants as compared with those in LP group (P ¼ 0.015), and those in the BF group (P ¼ 0.009). No differences in weight gain velocity were detected between LP and BF infants (Table 1) .
At 12 months, BMI and weight-for-length were still significantly higher among HP than LP formula-fed infants (BMI z-score: 0.86 ( ± 1.01) vs 0.13 ( ± 1.07), P ¼ 0.036; weight-for-length z-score: 0.87 ( ± 0.99) vs 0.17 ( ± 0.99), P ¼ 0.032). At 24 months, these differences had lost statistical significance (BMI z-score: 0.75 ( ± 1.01) vs 0.25 ( ± 0.92); weight-for-length z-score: 0.68 ( ± 0.98) vs 0.22 ( ± 0.89)).
Weight gain velocity was strongly correlated to BMI at 6 months (r ¼ 0.779, Po0.001), while length gain velocity was not.
Body composition at 6 months TFM, FMI and FM z-score tended all to be higher in the HP as compared with the LP group, without reaching statistical significance ( Table 2 ). The HP group tended to show higher FFMI and FFM z-score than the LP group (not significant) ( Table 2) .
BF infants showed lower TFM and FM z-scores than HP infants (FM z-scores ¼ À0.97±1.81 vs 0.54±2.81, Po0.05), whereas there were no differences to LP infants. FFMI was significantly higher in the BF than in the LP group (Table 2) .
Relation between anthropometrical parameters and body composition measurements at 6 months Weight gain velocity (g per month) from baseline to 6 months was significantly correlated to FMI (r ¼ 0.488, Po0.001) (Figure 2 ) and FM z-score (r ¼ 0.564, Po0.001) (Figure 2 ) while no association was found with FFM, FFMI or FFM z-score. The statistical power for our sample size, with an a error of 0.05 was 99.6% and 100% for Figure 1 . Description of study sample. At 6 months, BMI and weight-for-length z-scores correlated significantly with FM, but showed no association with fat-free mass (Table 3) .
Relation between body composition at 6 months and later anthropometrical measures FM z-scores correlated significantly with weight-for-length z-score and BMI at 6 and 12 months (Table 3) . Similar associations were observed between body composition at 6 months and subsequent anthropometric measures at 24 months: FM z-score had a borderline significant correlation with BMI at 24 months and a significant correlation with weight-for-length at the same age (Table 3) . FFM z-score was not associated with weight-for-length and BMI z-scores at 12 or 24 months.
Linear regression models showed no effect of infant's birth weight, maternal education level or father's BMI on infants' body composition or BMI at any time point. Mother's BMI showed a significant effect on BMI at 12 and 24 months among formula-fed infants in linear regression models (Table 4 ). The linear regression analyses among formula-fed infants to quantify the effect of weight gain velocity during the first 6 months of life on different outcomes showed that weight gain velocity explained up to 28.7% of FM z-score variation at 6 months (100 g per month of change in weight gain would increase FM z-score by 1.094), 54.3% of BMI z-score variation at 6 months, 38.9% of BMI variation at 12 months and 31.9% of BMI variation at 24 months (adjusting by mother's BMI) ( Table 4) .
The linear regression analyses among formula-fed infants to quantify the effect of body composition at 6 months on BMI showed that FM z-score explained up to 22.2% of BMI at 6 months, 20.6% at 12 months and 23.6% at 24 months (adjusting by mother's BMI) (Table 4) . When we performed the same linear regressions only among HP infants, FM z-score explained up to 44.7% of BMI z-score variation at 12 months and 46.2% of BMI z-score variation at 24 months. However, FFM z-score did not explain BMI at any of the time points.
DISCUSSION
Data from this prospective study showed that an increased weight gain velocity during the first months of life, induced by protein intake, leads to increased body fat deposition.
The accelerated weight gain was also directly related with BMI at 6 months, which was in turn increased among infants fed with the HP.
There was no association of weight gain velocity during the first 6 months with fat-free mass. Similar results were reported by Ay et al., 30 who found a stronger association of weight gain with FM than with lean body mass at 6 months. Chomtho et al. 6 showed in a sample of children who were born healthy at term, that growth during the first 6 months of life was associated more strongly with FM than with fat-free mass during childhood and adolescence. Our results are consistent with those found by Chomtho et al., and reinforce their hypothesis that an increase in weight gain velocity during the first 6 months of life results mainly in an increase in fat deposition, increasing later obesity risk. Our results also confirm previously published work that proposed an effect of rapid catchup growth on body composition, storing disproportionally the energy from diet as adipose tissue rather than lean body mass, increasing disease risk. 31 When we analysed the relation between body composition and feeding mode, we found that both FMI and FFMI tended to be lower for LP infants than for those fed with the HP formula. The main limitation of the study is that it was constrained to a relatively low number of subjects, and was therefore not sufficiently powered to demonstrate unequivocally an increase in fat and fat-free mass for HP infants, although a trend to this was observed.
Weight gain velocity during the first 6 months of life was still strongly correlated with BMI at 1 and 2 years, respectively. These results are of special relevance considering the reported Early protein intake, weight gain and body fat J Escribano et al association of weight gain during the first 2 years of life with later overweight or obesity risk (at 7 --9 years), 32 suggesting that rapid weight gain early in life is a key determinant factor for childhood obesity. 33 FM at 6 months predicted later BMI at 12 and 24 months in this study. These results may indicate that increases in FM early in life induced by modified protein intakes may affect increased BMI perpetuation in the following years.
With respect to the implication of the level of protein intake on later adiposity, observational studies have suggested a possible influence of protein intake during the first 2 years of life on later BMI and adiposity. In a sample of 112 children it was shown that protein intake at the age of 2 years was the only nutrient associated with fatness development pattern at 8 years (predicted by BMI and subscapular skinfold), via an early adiposity rebound. 34 Also, protein intake was associated with an increase in BMI and % body fat (by predictive equations from skinfolds) at 7 years. 35 Koletzko et al. 13 demonstrated in the whole population of the European Childhood Obesity Study a higher BMI at 24 months among those infants fed with a HP. These findings suggested the possible role of programming obesity risk by protein intake early in life. The results of the present analyses confer plausibility to the hypothesis that the higher BMI at 24 months among infants fed with the HP may be the reflex of a higher FM deposition during the first months of life, predicted by a rapid weight gain. The lack of any association between fat-free mass at 6 months and BMI at 2 years supports this concept. Our results support the possible role of early body composition on programming later obesity risk and metabolic syndrome. 36 Many publications have reported a reduced risk of becoming overweight or obese among BF infants as compared with formulafed infants, 7, 37, 38 whereas some other studies did not find such effects. 39, 40 These studies base their conclusions in BMI and on different BMI cutoff points, and explore different or undetermined time-exposures to breastfeeding. BMI, as the main outcome measure, could be a non-sensible marker of adiposity in children. 41 --43 Findings on the impact of quantitative differences on body composition of BF vs formula-fed infants using skinfold thicknesses have been inconsistent. 44 --46 Precise measures of body composition might provide stronger evidence to the possible role of programming obesity by early infant feeding. 36 In our study sample, we have confirmed to have a lower body FM among those infants who were exclusively BF for at least 3 months of life, which was not accompanied by a lower fat-free mass. This may be of great importance in relation to long-term health, given that adiposity in childhood has been reported to predict obesity and insulin resistance in young adulthood. 16 Higher fat-free mass may protect later obesity risk, since muscle mass predicts glucose uptake and physical capacity for exercise. 36 Our findings support the hypothesis that higher protein intakes early in infancy are associated to faster weight gain velocity and in turn to higher adiposity. Additional follow-up of this cohort should explore the relation between protein intake and later adiposity and obesity risk. Table 4 . Linear regression analyses to explain the effect of weight gain velocity on fat mass and the effect of these both measures on BMI (at 6, 12 and 24 months) among formula-fed infants (models separated by a line) 
